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The genus Valonia (Siphonocladales, Chlorophyceae) is composed of marine algal
species possessing large, spherical to clavate, green, coenocytic cell clusters
attached to the substrata by numerous rhizoids. Valonia is a macroalga displaying
basic properties of multicellularity achieved through cytomorphogenesis [ (Greek
cyto (=cell) + morphi (=shape) + genesis (=creation)]and differentiation of
specialized parts such as reproductive, branch and rhizoid cells, which enable
it to effectively colonize, and proliferate in, its benthic environment. These
cellular processes are of utmost importance inunderstanding plant cell growth and
development. Properly describing macroscopic changes that constitute growth and
development necessitates microscopic investigations at the cellular level.
Through such an approach, the role of the interconnectivity and interactions among
cellular components, including the wall, membrane, cytoskeleton and organelles,
.in defining cell function and form can be elucidated. Due to the large size and
conspicuous branch and rhizoid cell formation stages in Valonia, the use of this
genus in these methods of investigation is highly advantageous.

This research utilized Valonia to investigate the regeneration of cells from

protoplasts, induction of rhizoid formation, and differentiation of rhizoids,
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to demonstrate cytomorphological properties that are relevant in
maintaining cell integrity and sustaining growth in varying conditions inherent
to marine environments. The aim of this thesis is to identify and describe the
ultrastructural and biochemical mechanisms facilitating cytomorphogenetic
processes 1involved in cell regeneration from protoplasts and rhizoid
differentiation with emphasis on the role of environmental physicochemical
"conditions. The strategy of this project is based on the employment of
environmental stimuli to activate cellular changes across three species of
Valonia: V. macrophysa, V. fastigiataand V. aegagropila. These cellular changes
were described through various biochemical, staining and microscopy techniques.
A series of culture studies led to a preliminary assessment of pertinent
morphological properties of the three species exploited in the succeeding
studies. Cell regeneration from protoplasts was evaluated as a method of
propagation with gainful application in later rhizoid differentiation
experiments that required numerous cell samples. The process of rhizoid
differentiation was then monitored starting from rhizoid induction, rhizoid
elongation, and up to rhizoid attachment to a substratum. As a result, the
following findings were obtained:

1. Culture Studies in Three Species of Valonia

In the first study, observations on the different life stages revealed common
and unique characteristics among the three species of Valonia that proved
relevant in their identification. A common trait that was confirmed was wound
healing and cell regeneration from protoplasts, investigated further in detail
in the next chapter. A correlation among the unique traits such as cell shape,
rhizoid and tenacular cell (a rhizoid-like structure) formation was suggested.
This correlation led to the determination and comparison of the properties of
rhizoids and tenacular cells in a later study. As a consequence, this chapter
suggested the possibility of exploring the use of cytomorphogenetic information

in explaining the rationale behind the current species concepts in Valonia

2. Cytoskeletal and Ultrastructural Studies on Regenerating Cells from

the Protoplasts of Valonia (Siphonocladales, Chlorophyceae)

In the second study, a detailed description of the various ultrastructural
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modifications during cell regeneration from protoplasts was obtained. The
organellar, cytoplasmic, cytoskeletal and wall modifications in V. macrophysa,
V. fastigiata and V. aegagropila were connected to the changes in morphology

of protoplasts. The following major points were thereby found:

(1) a polysaccharide matrix provided the initial covering of the
protoplasts, (2) a concurrent rearrangement of cortical microtubules (CMTs) and
actin filaments (AFs) facilitated the contraction, distribution and shape
transformation of the protoplasm and (3) a rapid construction of the plasma
membrane and cell wall completed the regeneration of the cell from the
protoplast. These stages ensured the integrity and survival of the fragmented
protoplasts during extrusion of the protoplasm after mechanical wounding, a
common occurrence in the rough environment of macroalgae such as Valonia. As
mentioned, this capability found an application as a rapid method of propagation
for other experiments on Valonia requiring young, numerous cells.

3. Rhizoid Formation in Valonia (Siphonocladales, Chlorophyceae)

In the third study, the various mechanisms governing the initiation of rhizoid
formation in Valonia was enumerated. It was found that rhizoids can be induced
on any area of the cell, not just around basal regions where they usually form.
Moreover, the following important aspecté of induction of rhizoid formation were
ascertained: (1) hydrophobic substrata, and not hydrophilic substrata, induced
rhizoid formation, (2) in order for rhizoids to form between two cells, the
distance between the cell surfaces must be within 0.5 mm (3) the contactless
exposure between two cells must last for more than 48 hours for rhizoids to be
induced to form, (4) amorphous materials, mainly composed of sugars, must
accumulate on the target cell surface and not be easily dissolved on the
substratum surface, (5) rearrangement of CMTs may define the area where rhizoid
formation occurs, (6) AFs facilitated the movement and accumulation of
protoplasmic materials through protoplasmic streaming toward the area of

interest, and (7) after the above requirements were satisfied, the cell wall
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swelled and the protoplasmic mass was separated from the mother cell by a septum,
resulting in a nascent lenticular cell that extends via tip growth and eventually

attaches onto a substratum surface. Aside from these findings, an important

implication was inferred regarding Valonia and related macroalgae that
develop into reticulate thalli since these algae feature rhizoid-1like structures
called tenaculae. Tenaculae form between two adjacent thallus cell surfaces and
may have the same induction mechanisms as rhizoids. This can be considered as
a fine example wherein cellular studies may be used to explain the overall
morphology of macroalgae, such as Valonia, that should be helpful when settling
species identity.

5. Effect of Substratum Hardness on Valonia Rhizoid Differentiation

In the fifth study, the events comprising rhizoid attachment to substrata,
which represent the completion of the rhizoid formation process after induction
and elongation, were illustrated in V. aegagropila. These involved branching
and formation of attachment structures called ‘haptera.’ Various substratum
properties affect the behavior of rhizoids of macroalgae; however, substratum
surface energy has been reported to play a major role during rhizoid attachment.
This study explored this phenomenon by building a case for isolating the effects
of substratum surface energy through hydrophobicity and hardness. In doing so,
the following results were obtained: (1) substratum hydrophobicity did not
determine the form of rod-shaped and rosette-shaped rhizoids, (2) soft
substrata promoted rod-shaped rhizoids while hard ‘substrata supported
rosette—shaped rhizoids, (3) increasing hardness, even in a hydrophilic
substratum such as agar, induced increasing degrees of tip branching in
elongating rhizoids, (4) tip branching in agar could have been influenced by
the puncture resistance of agar surfaces against the protruding, relatively
softer, cell wall of the rhizoid domed-tip, (5) apart from the cell wall, CMTs

may regulate the shape modifications along the tip region of rhizoids. These
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results suggested that in the marine environment, Valonia and related macroalgae
may utilize rhizoid branching on substrata with varying hardness and adhesion

on hydrophobic surfaces.

The dominant connection among the studies comes from the sequence of
cellular events naturally occurring in Valonia. Based from the major results,
the following general conclusions regarding cytomorphogenesis in Valonia
were gained: (1) a range of synchronized rearrangements of cellular components
ensures the survival and integrity of wounded cells, (2) cytoskeletons
function in multiple capacities during wound healing and rhizoid formation,
(3) the cell wall and extracellular amorphous material serve as one of the
cell’ s means of interaction with the external physical environment, and (4)
the lineage of nascent rhizoid cells does not predict their fate as various
environmental stimuli can direct the growth mode of rhizoids. In summary, this
thesis have successfully revealed multiple cytomorphological characteristics
in Valonia through the modification of natural environmental parameters and
subjecting cells to such conditions while extracting ultrastructural and
biochemical information and relating these information to the overall

multicellular morphology of Valonia.
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Study on the ecology of juvenile of coral reef fishes on subtropical (Ishigaki-Iriomote Islands) and temperate
habitat (Shikoku Island) consist of 3 study part: (1) Relationship between pelagic larval duration and
abundance of tropical fishes on temperate coasts of Japan, (2) Settlement size and age of coral reef fishes in
subtropical and temperate costs of Japan and (3) Recruitment patterns of coral reef fishes between coral
dominated and rocky reef at Shikoku Island.

Objectives : (1) to examine how pelagic larval duration and egg type dispersal capabilities of tropical fishes
influence the abundance of tropical fishes on the temperate habitat, (2) to compare settlement size and age of
coral reef fishes where settle on both subtropical dan temperate habitat, and (3) to determine colonization
patterns of fishes on reef and to examine its habitat preference (coral/rocky).

Methods : Larvae were collected at Ishigaki-Iriomote Islands, between May-August 2006-2009 and at
Shikoku Island between May-September 2009-2011 using light traps, then identified to the lowest taxonomic
and measured the standard length. Lapilli otoliths were used to estimate PLD for each species. Type of habitat
preference of reef fish recorded at laboratory choice experiments (Study 3). For study (1), the abundance of
reef fishes was investigated by underwater visual transect-survey at Kashiwajima, Yokonami, and Tei on
Kochi-coast. Thirty-five species of 7 families (Apogonidae, Pomacentridae, Chaetodontidae, Lethrinidae,
Lutjanidae, Mullidae, and Acanthuridae), were selected based on their egg types (i.e., pelagic and demersal
spawners), and then categorized further into common and rare species based on their individual numbers.

Results : Study (1), PLDs of pelagic spawners were significantly longer than those of demersal spawners and

10
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high occurrence of pelagic spawners on the Kochi coasts shows that pelagic spawners are more easily
transported to the temperate coasts than demersal spawners.. For the demersal spawners, a common species
group had a significantly longer PLD than a rare species group. Therefore, length of PLD is probably an
important factor for the distribution of demersal spawners. Moreover, a negative correlation between PLD
and the abundance in some species of pelagic and demersal spawners suggest the presence of
reproductively active fishes in northern subtropical and even in temperate waters. For study (2) and (3), at

least 13 species of six families were collected and further analysis still going on process.
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1: Relationship between pelagic larval duration and abundance of tropical fishes on temperate
coasts of Japan.
2: Comparison of pelagic larval duration of tropical fishes between Okinawa and Kochi.

3: Habitat choice and recruitment of tropical fishes on temperate coasts of Japan.
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[Introduction] Shrimp aquaculture is one of the most important fisheries in Asia-Pacific region.
The blooming of intensive shrimp culture had promoted Thailand to be the largest shrimp
producer and exporter in the world in 2000. However, environmental pollution, depleted water
supplies, changes in water salinity, and disease problems soon brought about massive crop
failures in coastal areas. Recently, production of shrimp in the southern Thailand during 2010 to
2011, was destroyed by the outbreak of viral and bacterial disease and at least 60 x103 ton of
shrimp production (10,500 million bahts) was lost. In an intensive shrimp aquaculture system,
water in shrimp pond is typically enriched with both organic matters and inorganic nutrients
often result in enhancement of eutrophication and growth of noxious in shrimp ponds. Blooms of
noxious plankton often resulted in increase in shrimp mortality or growth diminution by
poisoning, diseases or mucus production effects. Noctiluca scintillans is one of noxious plankton
occurring in shrimp culture system and affecting on shrimp conditions in many regions. Although
this species did not produce a toxin, it was found to accumulate ammonia as much as in toxic
levels, and it was then excreted into the surrounding waters, acting as the killing agent in blooms

and mass mortality of finfish in farms caused by oxygen depletion, gill clogging and high ammonia
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levels. The occurrence of Noctiluca sp. blooming during the middle period of shrimp culture also
gave the stress to shrimp and resulted in low production. Therefore, to suppress or control the
growth of noxious plankton is an urgent and necessary task. Recently it is known that marine
bacteria play important roles in decreasing or developing algal communities and were considered
as key biological controllers in the dramatic termination of phytoplankton blooms. Nevertheless,
no study mentioned on suppressing and/or controlling noxious plankton N. scintillans using the
function of some bacteria for improving the production in shrimp aquaculture system. The
objectives of the present study are; 1) To investigate the variations of various environmental
parameters, including chlorophyll a and the fluctuation and effects of phytoplankton community
structure on shrimp growth and production. 2) To isolate and identify algicidal bacteria from
shrimp pond water. 3)To clarify the activities of Noctiluca-killing bacteria and its effect on others
phytoplanton. 4) To investigate the improvement of the shrimp survival rate by suppressing
growth of noxious plankton using algicidal bacteria isolated from shrimp pond water. Finally,
possibility to use algicidal bacteria for controlling noxious plankton in shrimp culture farms and
to improve and give the stable of shrimp aquaculture was discussed.

[Materials and methods] Shrimp culture water samples were collected from a Penaeus
monodon shrimp culture pond at Domrong shrimp farming, Thepha, Songkhla province,
Thailand. The water qualities including physico- chemical parameters, dissolved and particulate
matters were measured. The relationships between environmental parameters including
community structure of phytoplankton and shrimp production were investigated. Then the
natural bacterial abundance in shrimp culture water and the distribution of algicidal
(algae-killing) bacteria in shrimp culture pond were observed. Algicidal bacteria were isolated
from the shrimp culture water and their activities were studied including the mode of direct
attach by cell-to-cell contact or indirect attach by the production of an extracellular product,
effect of Temperature on the killing Activity and it Killing effect on Others Phytoplankton.
Finally, the most effective killing strain was used for further experiments to improve the survival
of two species of the shrimp, Penaeuse monodon and Litopenaeus vannamer.

[Results and discussions] Results of the fluctuation of nutrients indicate that the dissolved
nitrogen Concentration in water was lower than that of particulate or dissolved organic nitrogen.
The concentrations of chlorophyll a were usually more than 100 pg L" in shrimp ponds. This

showed the reverse relationship to the fluctuations of dissolved inorganic nutrient concentration,
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which may be attributed to that phytoplankton could take up dissolved nutrients and grew in the
pond. The fluctuation of water quality and the relationship between phytoplankton density and
shrimp conditions in the shrimp culture pond confirmed our understanding that when the
chlorophyll a concentration increased, total food consumption of shrimp decreased and a clear
shrimp decline and the worse growth of shrimp by the dinoflagellate. Results indicated that high
concentration of chlorophyll a, in particular dinoflagellate, impacted on shrimp physiology as
decreasing total food consumption and consequent decrease in shrimp growth and production.

Results of the fluctuation of the abundance of total bacteria and algicidal bacteria in the
shrimp culture pond showed significantly higher than those previously reported in coastal areas
and indicated that the number of algicidal bacteria was related to the total bacteria count in
shrimp culture water. Initial investigations showed the presence of bacteria possessing the killing
activities against either of Skeletonema costatum, Heterosigma agashiwo or Prorocentrum
minimum in shrimp ponds. The inhibitory activities of killing bacteria varied with plankton
species, some bacteria showed species- or genus-specific, while some strains had multi-species
inhibitory affects.

Results of Noctiluca-killing bacteria isolation showed that about 13 bacterial strains of 260
strain isolation showed killing effects on N. scintillans. Among these, a strain BS2, identified as
Marinobacteria salsuginis (Table 1) which had not yet been recorded as the causative bacteria of
shrimp diseases or shrimp mortality, showed the strongest killing activity on N. scintillans.
Identification revealed that all the stronger Noctiluca-killers belonged to Gamma-proteobacteria
group. Results of killing activities also showed that Noctiluca-killing bacteria must have
species-specific killing activities when we applied them to the field for preventing noxious
plankton.

Results of using BS2 for suppress N. scintillans to improve shrimp survivals (Penaeus
monodon (Black tiger shrimp) and Litopenaeus vannamei (White shrimp)), show that
Marinobacteria salsuginis strain BS2 could kill N. scintillans in shrimp culture within 2 days of
inoculation (Fig. 1) and improved shrimp survival in both shrimp species. Survival rates of small
size shrimps were improved from 23 % to 87 % in both P. monodon and L. vannamei (Fig. 2 a
and 2 c), and larger P. monodon and L. vannamei were also improved from 47% to 93% and 87%
to 93% (Fig. 2 b and 2 d), respectively. Moreover, the Noctiluca-killing bacterial strain BS2 did
not influence on the growth and mortality of both shrimp species. The improvement was certainly
attributed to the inhibitory effect of strain BS2 on N. scintillans growth thereby reducing the
worse effects of N. scintillans on shrimps

However results of shrimp survival rates were better when DO concentration in the shrimp
culture was kept to higher level (Fig. 3 a-b and 3 d-e), ammonia concentrations were not
significantly different between SN and SNB treatments, either with or without additional DO,
after 7 days of shrimp rearing (Figs. 3 ¢ and 3 f). This study also suggests that the shrimp

mortality during blooming of N. scintillans in the pond was not due to the increased ammonia
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concentration. Although, N. scintillans cells was contained high ammonium ion.

These results obtained in this study strongly suggest that algicidal bacteria present in shrimp
ponds had ability to improve or recover shrimp survival and to increase the efficiency of shrimp
production by suppressing noxious plankton. As mentioned in the first chapter (General
Introduction) and the beginning of this chapter, economic loss in shrimp aquaculture by mass
mortality due to the lethal effects of noxious plankton was 10,500 million bahts during 2010 to 2011
(Songsangjinda et al., 2011). However, possibility to use algicidal bacteria for controlling noxious
plankton in shrimp culture farms and to improve and give the stable shrimp aquaculture will reduce
the damage, and we may expect the recovery of around 70 % of shrimp production (ca. 7,350 million
baths). Application of killing bacteria would be promising for the future shrimp aquaculture, and be a
major benefit for shrimp farming.

Table 1 The identification and accession number of the DNA data bank of Japan (DDBJ) of the five
most effective strains of Noctiluca-killing bacteria against growth of Noctiluca scintillans.

Number Strain 16S rRNA identification Accession number
1 BS2 Marinobacteria salsuginis AB621951
2 DH1 * -
3 BH1 Vibrio sp. AB621954
4 BP4 Pseudoalteromonas sp. AB621953
5 DP1 Vibrio sp. AB621952
* No data
7quded BS2 -O-SN-@-SNB

¥

N. scintillans abundance
(cells mLh

*—e—0—¢
o 1 2 3 4 5 6 7

Ineculation time (days)

Figure 1.  Noctiluca scintillans abundance after inoculation of N. scintillans and algicidal bacteria
strain BS2 in small size of P monodon treatment. (S: shrimp, SNB: Shrimp + N. scintillans+
Noctiluca-killing bacteria strain BS2). Data are means of replicates with standard deviations.
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Figure 2. Percentage of Penaeus monodon and Litopenaeus vannamei shrimp survival after
inoculation of Noctiluca scintillans and algicidal bacteria strain BS2. (S: shrimp, SB:
shrimp+Noctiluca-killing bacteria strain BS2, SN: shrimp+ N. scintillans, SNB: Shrimp + N.
scintillans+ Noctiluca-killing bacteria strain BS2).  Data are means of replicates with standard
deviations.
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Figure 3. Dissolved oxygen, shrimp survival and ammonia concentration in treatment with adding
DO and without adding DO. S: shrimp, SB: shrimp+Noctiluca-killing bacteria strain BS2, SN:
shrimp+ N. scintillans, SNB: Shrimp + N. scintillans+ Noctiluca-killing bacteria strain BS2.

Data are means of replicates with standard deviations.
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